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[MB] KM* * V 07^t^tt*«r**l^!!t# 

^SaSffi 5 0 t X- * 6 0 Sr ' 

tt5CPU12l:, ROM/U2 2&OTAM^2 

io/^3otsrgittt5o tteynnz^mwmm 
o<n^\z.mihtiiz.m$&ttm£\'V*z 1 2K, r 

U^o^ftf) I CLKCDIJ*^ ^/^fl^JSCt^S 

■t*-* teases 6 o teams 9*>r MM^uojf 
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^a£. 

miia^ * y #St««Shfc^^?9 1 , 
«B * » * * flf * * 5 * n ^ * ^ a fc - 

>T * /wjft o R 36 ffi *: IS ft i" 5 fc * <D S # & pfffi ft i" ^ 

KMWi- * fc » 0>fB*i#H: Srffi ifc r. £ *Sr« ^ "f £ > 

SWBt« *«*E*"r5*:«)^*l^^*y 20 
fc, f*— *£Etti-3fc»^fS2<D;**y fcSr^TU 

«wa^^*«», «(riB*io^*y twiaaa^afcSr 

[»*S4] H*«3Et©^^S'^ • 

* ODMAfiSSrUSt * <t 5 1-fiuEig 3 <D'<* * 
SuESg 1 2 ^^i:ftjRt5fc»^DMASJ»# 

[fft*«5] ffl*«3fattcO-»^^5/^- ^ 9 

MEM 1 R^f 2(7)^^y ^)f^ h Zm^-tZ ± 5 (-ml 
Efg 3 tfV<* £iffEfg 1 XtffB 2 (&^XKgaft1-5fc«> 

5J:5i:, WE^#««r^U*:flWE^*y*a^* 
^fflL7*ir;*iBa&fl&ErtS5* n y^f|»KH»Lt so 



08 *M- 5 fc 46 co x - * *0jffi#® t , 
ME^^^a^Ji^W^tBStbfc^-^^ffiErteB^o 

ME^^^S^±t-^W$tifcx-^i. ituE^*:? 

mEitr*aa36 s JfiSixfc7 f --**mErt«B^ o 

l3»iL-CE«i"Sfc«)<OU^^^#ai:, 

Ki* itfc«l»K3t«SrE«-t- S /c^<D* 

#lfe*.^rfi6ftu^^S:#U Ku^^l-E«*ixfc 

^ROMfc«M*$ixfcROM^i:Sr3Elwfl|x.fcr fc 
S:»»it5Vy^fs'^ ■ ^ o =r >h°^ — ^ 0 

f-^^DMAGS^^f-t^ i 5 i^ttlE I O/^^Sfl 
|E^^^aftVffiEROM^^lcSSj|JJ-rSfc*ODMA 

(chUE I 0^<^*:WE^^*ft2fctrt(rEROM/<^K:S5 

[0 0 0 1] 
[0 0 0 2] 

[^SW&flf] CPU (^^r^aiSS ; central proces 
sing unit ) t > ROM (read onlymemory) t , RA 
M (random access memory) t ^rrt@ Ufc W^/U^ y 




(3) 



[0 0 0 3] 

^ r oms(;r amo#^ or ^ t ^eiri Srf It 5 

w£*4T*#*V\, Ifc^ot, CPU^ n >y^ff-^(Dif 

[ooo4] rti^^ey^r^t^ffi 10 

«* c p u ^ o ^ m^<D-9-<< ? /u«f pa Kfls cr **»^ 

[0 0 0 5] 

[0 0 0 6] *#W^tt, *»W^«5JB l (D^isf/v 20 
tt-r^/c^tD^^ey #S (ROMWRAM) fc, 

y fg^)7^ ir ;* P* 1 ] 1 ci ^ {g-g-oif-< * /i"fl# 30 

f£i^** twists mj- 

[0 0 0 7] ±tBBtt«r*rti-*fc»fc:. 

<£>"Cfc<5 0 40 

[0 0 0 8] AffWJdtt, *8Mi:ffi5g2«)'»^ 

^o^-ey^s («*.i*ram) t***y#«K» 
a^ Lfc ^ y ^a^oBs^m lt * ^igm^p^^ 

fffi:^lT77mf:^^77ffi^ '< so 
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tzy*-*&ftM* p * -S-tefflffl LTIElKi- 5 fcfto 

y fto7 * -t * i$m t strjaaaice-t- s «pm t oft t , 

[0 0 0 9] 

[ooio] iiit 

— K (Harvard) 7-^rf^f tSrttSR I SC 
(reduced instruction setcomputer) # 4 ~7<D CPU 

1 2 b, gCPUl 2^rt»^Ps/^»tI CLK^ft 
IW8fcftOrtfS^y^t«lll8l4i, 

rtffl* p y ^ 1411 P L L (phaselocked lo 

op ) 0KSrrt*LT*3!9, Woy^S^l 6 4:^ 

uT*x.e>-n*i^*fB^ p y^fitECLm, rtas* 

i:#it>^Ds/^ffllWt*CTRL(i, ^SS^oy 
^MECLKtrta^os/^ftfl C-LKitoHiSft 

*^&12t^Sfc*<DROM2 0 SROM20^C 
PU 1 2 b &t£Wi-fZ>tztb<DROMs<X 2 2 i:, 
— ^^IEtg-r-5fc^)C0RAM2 4 ^RAM 2 4 t C 
PU 1 2 4:S:Sitt-^5fc«><ORAM^^ 2 6 t &^zm 

^-7x^728^ ROM/^2 2MRAM^2 
6^A»e,a4lfcIO/^3 0i, r-^Affi*^> 

^y^-7x^^2 8(t I 0^<^ 3 0 fc'^SC^^Sg^- 
3 2 ^rcDP^co^ — 7a>f^Sr3]5o .10^3 0 
fit, ^A^f y ^-7x^ ^ 2 8 i: C PU 1 2 t ^ 
i!-r5t^T*fc5o I Os<* 3 Of-Ji, ^^^34 

^ CD DM A (direct memory access) ^i^<bF^^^^-y 

2 .0, 2 4 (D"r* h ^Mt^fc^^)DMA/r^ h 
SUWh!S&3 6£:, R OM/^7^f 3 8 t , RAM^ 
^^-f y^4 0 i:S:3e^«x.TV>5o ROM^^^^ 
f 38 fj:ROM/^ 2 2 <b I 0^<^ 3 0 <t<£>P^tC;fr£L 
^c^^^^T'fe^. RAM^^^^f y^4 0(1RAM^ 
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So 

[001 U i2lt CPU1 2 0rt^«/&£^LT\,> 

s. CPU1211 ><>r^9>f >-«Jt*r*r , t-a#*«ia 

g&5 0£, ROM/^2 2tRAM^2 6tIO^ 
f5r- **Q;316B6 0 k+ ROM/U2 2tRAM/^ 

26M o/<* 3 o i:<Dv^ixd»s:a^w^'7 5 — ^*aa 

35 6 OfcSiirHifc&^x — ?/^6 5 k&m 10 

^<f#I CLK^K»lbTlBtti-5fc«)<Z>U^^ 6 2 
<b£{ix.T^5 0 f-^^ 5 i77>f t 6 

2 2, RAM/U2 6&tfl O^^. 3 OOHf-^ 

2/^*6 5 IlioTlRStl^^^lOf- 20 
F*jgi$^ a ^^{f % I C LKKIrIJH Lt7 ^mtOT 
fc5o r-^A*^^5/f6 7ft ROM^2 2, R 
AM/<^2 6 AIM CV<;*3 OOHr-^^^^^ > 

77^t6 l— m$-fz>h(DX*hz> 0 

[0 0 12] g)2<7}CPU 1 2tt. ^^-^gaSS 0, X 

* i c LK<D-th>r ? j^m\zfcxixmm-f 
5 0 >*yr^-fe^»j«iieiK7 ott. ^^«LaSB5 oa 

2 ££tfit;iT^5 0 R^fiU^^7 2l^ ROM2 0 

WAITi, RAM2 4CD7^-fe^|C«5!>x^ ht>f 
^/*^aiRAM_WA ITh "r — PAjj*^ V 

ftKSfiDATA I N S E L k t> <0"C*> 

So flifl, ROM_WAIT=l/^ll ROMT^ 

■fe^iaa^*— ^>93i-< hf->f ^^#A*n5o ro 

M_WAIT = 045>lt ROM7^t^lig^!>x>f 
hiNf */Uj&*J* A*ix5r RAM_WA I T 

= 0&tbfS, RAM7^t^i8Ii:j'i>f ht>f ^/^s 

IfAStbSr tttftV^ £?c, DATA I N S E L 

= 1 ft fcfif*-- S&mfi&s**? y *f- 
6 6^LT77^t6 1^M^, DATA_IN 



[0 0 131 kX&^fAstf-y-f ? uz2i/\?=.— 

2 1 OKiixli. y^S 5^ROM/^ 2 

2£r, r-^^^5'f65^RAM^26Htl 

ft^Xm&btXZo Z<D?$s 10^3011 

Tl/^o Lfcj^oT, ROM/^2 2WRAM/^2 

Ag^4- mn-r z>m&\a*. dma/t^nw(h]i8 3 

6 tdj: «9 ROM/^^^ ^3 8X^RAM^^^^-f > 
f4 0^ffli:5)ilS, L^ot, ^P<*«^3 2 

CPU1 2^$fHROM2 0XliRAM2 4C 
mmZtlZ* ROM2 OCO^^ hUfrBtl-iiROM^^ 
^-fiy^3 8^, RAM2 4 07^hH^l:iiRAM 
s<X*s( y^-4 O&Ztl^tlffltbtlZo 

[0 0 14] ^*QS6R5 0#ROM2 0^fc# 

^CD^SrSc^ttiU, ^of-^feISll6 0^RAM2 

iSHW&SSBs oxt*^— *ftLS&$6 o^E 

Stt*rt8S^Dy^{S-g-I CLK^Hftftttl 0 0MH 

*y? im^W'f f/is&fm (CPUW^/Wfl) Tcyc 
tt, 10nsXtt20ns-e*5 fl ^«L3SSfl5 5 

0^ROM2 0A»fe<7>^^<Ott*fflUSrfilbbT^fefiE 

*^«aa«5 5 ods^srSit»s*-e^K-rs^Ki (r 

OM7^t^W) Trom lil 7nstfc^ 7-^M 
0^RAM2 4^fj^7- ^<Dg^ffib£:gKjL 

T^bKf-^telffle O^-^SrgJtffiS*^-^ 

i"S«pBD (RAMTn^W Tram [i8n stfc 

m) Talg li4nsTfc5t^tt5c W?*T*fcft 
<, CPU^^W^PflTcyc ^fcLTt, R OM7 
^-fe*B#|R|Trom > RAM7^t^^Traio S^7 7 

[0 0 15] ±I5 3 00^IROM_WAIT, RA 
M_WA I TStJ^DATA I N S E L 

_WA I Ttt, ROMT^ir^B#P^Trom KPUt^ 

ft, Tcyc = 1 0 n s ftfefi 2 Tcyc >Trom >Tcyc 
tfc50t% ROM_WA I T = 1 O^/^^tl^o 
Tcyc = 2 0 n s &<bf£Trom < Tcyc <DX\ R 

OM_WA I T=0Og^^$tl5c Ix^fSR AM__ 
WAITft RAM7^"fe^BtFflTram^ C PUi^-Y ^ 

M\ Tcyc=l On s^2 0n s^V^fi^i^V^t 1 b 
Tram <Tcyc T*foSOT% RAM_WAIT=0^ 




3&6Sfc§*L5o KtlDATA_IN_SELIl RA 
MT^^^^PflTram t77^f "7~£Qi3B#|i9 Talg t c^fp 

tb^o Tcyc = 1 0 n s ftbtfTram + T 

alg >Tcyc -efc£<£>T\ '<*7S/^6 eSriiS^r — * 

J: 5 ^> DATA_IN_SEL=l(Ogm^ 
5o Tcyc = 2 0 n s <b T ram + Talg <Tcyc X 
hZ><DX\ y<^^ y^6 6 £gfi Lftv^— *tea£S8& 
frf—PAJj^^ 7 ^ £oTiI£R£*L3<£ 9 i-, 10 

DATA_IN_SEL = 0(D^^JWo &*5* 
2Tcyc >Tram > Tcyc 9 £o J; ? AMT* 
•fe*l$fWTram C P UlKf * /W*IBTcyc 

t>mm£tiz>m&\a^ ram_wa i t= lois^a* 

3fe*ix5o wtfXSt'&KH Tram + Talg > 2 Tcyc * 

bfiDATA I N S E L = 1 (DfflEfei)** Tram +T 

alg < 2 Tcyc ?SbtfDATA_I N__S E L = 0 (DWi 

[0 0 16] B3B, ftm>9w9in^I CLKdUO 
OMH z <£>jaafc«S:*-r5»& (Tcyc = 1 0 n s <*>» 20 
£0 OROM2 0^tiitr^t^Ig5:/TttV> 
5 0 t^^/Hm ROM2 0^5>ROM/^2 2^ 
O#5e<0^<7>K^ffib^ rtSfB^os/^fS-^I CLK 
Oi*,±^ 19 ^ y b-CA^«ka» 5 0 asjgUrf 

ROM_WA I T (=1) t^DT¥— <D$ hlM 
^;U^ROM7 *i?;*i§§t::}f A£*l£ <fc 51-, 

3tlj:, ROM^* 2 2 ^Ji^tt^tU Sttfc^Sr. ft 
U9*v9^\ ChK(OiL-h±^ v )^iy^\cmm^x 30 

♦♦«s-a»5 o^nfT-r^o iSHM&sffl 5 0 f*. 

i^^^^3^jol>T. ROM2 0^bROM/^2 2^ 

[0017] 0411 ftSB* o y?m^l CLK^50 
MH z <Dm&&*G'tZ>Wr& (Tcyc = 2 0 n s <Dm 
<&) OROM2 0^i!^tt3Lr^-fe^iiS^^LTV> 
5o ROM_WA I T = 0^K^4*ilS^t, RO 
M2 0<DT 9 ±Xt&Wz.MF8<D MM * /w^Jf A 

SilSrirttft^. t>f^/H^ffil:ROM^2 2C0 40 

[0 0 18] |U5tl rtffl^ny I CLK^5 0 

MH z <D«jfc#«:*-r5»^ (Tcyc = 2 0 n s O^r 

5 0 wO^-^TfiTram + Talg <Tcyc 

T\ RAM2 407^t^i§gCtffl(0!)x^ ht-f ^ 

/i^sjfAStiSr tasfti^J: 5> I:ram_wa i t = o 
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* *LSJ:5KDAT A_ IN_SEL 
= 0 0i£^ft£*v£ 0 Ifc^ot, -^-Y^yHcoBHife 
P5/&?&>fcRAMT*1r*l*ftlTram (= 8 n s ) O^tC 
RAM 2 4^bRAM/<^ 2 6 OjildT^ * riSS^tU £ 

*u teUfrmztitzT-ficm-tb^T^j-te Hex*) 
mtimibm&tiZo z.<Dm®M\tt4 ^;h#to 

^Ti:^Tl, iNf */v2tt::tett5rt6B* * y9*m% I 
^^l/^^ 6 2(C|SlgStt5o ^bT, 1/^^6 2 
2 6(1 RAM 2 4 d^i^ffi ^tltr-^ Irt^ ^ ^ 

* 2 6 ZmcD^-ZTf^xlZ-ifcrni-Z) r £ 60 
[0 0 1 9] m 6 il rt»>oy^fll*I CLK^IO 

OMH z ^^iftSr^-rS*^ (Tcyc = 1 0 n s <DWr 
£0 ©RAM2 40R*at7^t^iB8S:*ttv> 
£ 0 ^<Dtr— ^-CttTram <Tcyc ^oTram + Talg 
>Tcyc ffeStOt, RAM2 4 07^t^®gtcSffl 
<o^^ M^^^^sjfASixSnt^ftv^J: 5CRA 
M_WA I T = 0 (DWtTJz&tZcStl* ^0/^7yf 6 6. 

srias^-^easaB^a^stta i 5^data_i 

N_SEL=10Km^5 fl tt^ot, iM* 
;H ^BB*&^^e>RAMT^"fe^^MTram (= 8 n 
s) (0t(CRAM2 4^^)RAM/^2 6O±^f-^ 

a*tt*tti&*u &WtfrtilZti1t?—9t>*'9'<<9/i'2\z.& 
ttSft^* n s/*ff-f§- 1 C LKtf>:£^_LriSi9 ac^lcM 
Ilt/U7jyf6 6^^£;JxSo t^^/W2(^ 

-To r^lifM W ^^2 ^Tl^Mtlc^T 
1M * 3 tt ^ rtSP^ n y ^ {f I C L K OAt^_b 
9 y v?(cf^^ LTflr^a**^— # 9 6 

2^IStt**vSo *L-C, \s*J*9 6 2i^E«*ttfc'7 s 
— ^(CJE^adSlfeSixSi RAM^.^2 6f^ > RAM 

2 4 fi*hm*m is titer- 9 **y«< o»ti*^* 

T'^t^o Rf-* 14^^ ? y f 6 6 Cftff Sft5<0 
T\ *>T ^/W2-Cf4RAM^^ 2 6 SrftfeO-r— 9T9^ 
^^ffiffltSrt^tSo ^*3, .B6<D4r — ^IC*5V> 

t/^7 7f6 6 ?rg* ^teaisKdsai^* 

ixfc«ffiSrfflSi"5i:, :^ifliRAM^2 6© 
<£ffla*3&5S< ttSo RAM/^2611 RAM24^ 
5>R*USftfcf-^ifiS77^t6 l^«jd&S*t«t*t5 
Rf 5 — ^Sr*>T^^20»TNF^*-e««FU* 

[0 0 2 0] ^ib\ ±E3 0(0^«ROM_WAI 
T, RAM_WA I TWD ATA_I N_S E LCft 

-if *c«t 19 *3e*ixfc^flfB^ a y9m^E c LKcomfc 

m&W*9 7 2KWll£'rz>£5\zlsXh£\<\ ft&9 
oy^ftf ICLKW^/HSIB (CPUi^^^/WB# 
M) Tcyc (4, US?** 7 2KK^$ixfc*«f&* * 



9 # 

OMT^ir^BfP^Trom % RAMT^t^^Tram & 
tfT9>f^»3l*IW"Talg tt, t^i*ixt>gE*P^NFM-C*> 
5 0 rn&^KfcsMBi:* SU^tifcCPUf-Y^;^ 

PelTcyc irUlg^T, JlIE 3 ocoffiR OM WA I 

T, RAM_WA I TWDATA_ I N__S E Lj&M 

[00 2 1] 10 
I8B©«|i4RB] 

[Ell] -e-f^n^^t: 0 20 

[El 3] ^ny^ftWl 0 0MHz©S8SSr* 
-T^S^coIg] 1 ^C0ROMC0^^ffiUT^-ir^i§@$:^ 

[04] rtSBS^ a^^«#'dS5 0MHz«Mtt 
[05] rtfflJ^ o y^«-g-dS5 OMH ztOfflliKftS:*-?" 30 

z>m%<nm 1 ^<^RAM(Dtt*uibr^-fe^isasr*"t" 

[II 6 ] rtffli* o <y ^m#^ s 1 0 OMH z (OffljBeftSr^T . 
1 5»^<7)B 1 1 AMOK*W L7 ^ t ^iaSS:* 

[»■**>!»!] 

1 2 CPU 

14 rtlB^ny 

1 6 ^oy^SSf 
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1 8 fvytmmifti* 

20 ROM (^y^S, IlO^^!)) 

2 2 ROM^Ti (IlO^) 

2 4 ram (y^ey ^2^>^^ey ) 

2 6 RAM/^ {f&2<Ds<X) 

2 8 ^85^^>f — 

3 0 I 0/<* ($3 0/^) 
3 2 

34 ZJ-* 

36 DMA/T7 MWfPIsIK (DMAWfg, ^r* 

MMMl#ft) 

3 8 ROM^**^ y^ 

4 0 RAM/^7^ 5/^- 

5 0 #<fr#yasi$ t^ifs) 

5 5 <fo^'<**4 y^ 

6 0 T—ftumn c^— 

6 1 r^-r^ mmm^&) 

6 2 

6 5 y*— yf- 
6 6 

6 7 T—ZKh^y^ {^y^Wt) 

70 ^^yr^ir^^iHiss 

7 1 9^ hffittlsIB 
7 2 

CTRL ^B^IMWIt 

D AT A_ I N_S E L "f—^T^^ y^^WBL 

ECLK ^gC^ci5/^ft# 
ICLK foU?*y*ig-flr 

R AM WA I T RAMT^t^CK^x^f MNT 

ROM__WA I T ROM7^-fe^l:«5?x>f MM 

SEL il£tf§# 

SET U^^S^M 

Taig T5>r^«MBii*iw («r«i3a«piBi) 

Tcyc CPUt^^/vHB 
Tram RAM7^-fe^ttB 
T rom ROM7^ir^B#^ 
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CTRL 



? ECLK 1 



ICLK 



16 



10- 



T" 

14 



CPU 



22- 



ROM 



20 



r 

38 



DHA/r*f 



—30 



28 



34 

32" 



•12 



-26 



RAH 



24 



[112] 



[06] 



12 



~1 
CTRL 



ICLK 



jl — i 



ROHJMIT I/-72 
RAH f AIT 
DATA_IN_SEL 



— 70 



-50 



*V 71 



SET 



1 



3 



-SEL 



— 67 



| Wm 66 



ICLK 
(100MHz) 



RAlKA 26 
A**7J7f 66 
774t 61 
62 



Tcyc=10ns 
* ^ si 



4 



TraB=8ns i 



Talg=4ns 
* 



RAH WAIT=0 
DATA_IX_SEL^1 



55— 



i 



p p 



? 9 — 65 



22 



26 
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[03] 



Hi* 



ICLK 
(100MHz) 




ROM_TAIT=l 



[04] 



ICLK 
(50MHz) 



ROiKX 22 




ROIIjrAIT=0 



« 



(9) 



19 6 



[05] 



ICLK 
(SGttHz) 



RAMA^ 26 



r^t 61 



I** A* 62 



4 



Tc3rc=20ns 



TranFSiis 



C 



f-9 



J Talg=4ns 



c 



RAH_»AIT=0 
DATA_IN_SEL=0 



